Abstract. The production perspective is actual seeking regarding the CO2 emissions management policy; however, there is a lack of studies taking the latter approach. Thus referring to air emissions accounts, the aim of this analysis is to evaluate changes in CO2 equivalent emissions from the production-based perspective in Lithuania and the EU-27 and their determinants during 2000-2012. Using the coefficient of elasticity, it was observed that in Lithuanian the economy grew three times faster than emissions of greenhouse gases (GHG). Meanwhile in the EU-27, GHG decreased with economic growth. In the EU-27 absolute decoupling was observed for agriculture, forestry and fishing, public administration, defence economic activities, real estate activities, and education. Meanwhile, in Lithuania for these activities a relative or negative decoupling occurred. With regard to technological contributions to changes in CO2 equivalent emissions, the most problematic economic activities in Lithuania are financial and insurance activities, education, post and telecommunications, other service activities. In the EU-27 members the most problematic sectors are mining and quarrying, construction, transport and storage sector. Thus, the successful implementation of GHG emissions management policy is very important in Lithuania and in all the EU countries.
Introduction
Climate change is becoming one of the most severe challenges human society faces this century (Camarero et al. 2013; Li, Lin 2013; Herrerias 2013) . Therefore, prevention of climate change by reducing and stabilizing carbon dioxide emissions are the most important concerns for policymakers and international institutions. Thus, issues concern measures to be adopted to achieve lower emissions of carbon dioxide and the magnitude of emission reduction to be put on agenda in both international negotiations and policies of countries around the world (Liao, Cao 2013) .
In order to stabilize greenhouse gas (GHG) emissions and mitigate anthropogenic impacts on climate change, the Kyoto protocol set particular commitments to reduce GHG emissions. Based on the protocol, by 2008-2012 the EU has to reduce GHG below 1990 level by 8%. Most of the New Member States (including Lithuania) have the same target. Additionally, the EU has also played a very active role in the quest for post-Kyoto international agreements involving countries in the fight against climate change (Erisman et al. 2008; Padilla, Duro 2013) . The EU has assumed a great commitment to fight climate change at a worldwide level by approving the Europe 2020 strategy. This strategy defines commitment by 2020 to reduce the greenhouse gas emissions of 1990 by 20% (to be extended to 30% if other developed countries assume a similar objective), to decrease primary energy use by 20% by improving energy efficiency and to increase share of renewable resources in EU energy consumption to 20% (EC 2012) . Moreover, in order to achieve long-term goals and gradually transform Europe into low carbon economy, the EU has pledged by 2050 to reduce CO2 equivalent pollution by 80% in comparison to 1990 (EC 2011b) .
Nevertheless, J. Brizga et al. (2014) stated that none of the Baltic States, including Lithuania, has a clear national policy framework to support GHG emissions reduction, even though the reduction of greenhouse gas emissions is one of the main priorities in the Lithuanian sustainable development strategy (The Lithuanian strategy… 2009). However, the Parliament of the Republic of Lithuania approved the National strategy for climate change management policy in 2012. The purpose of the Strategy is to develop and implement Lithuanian climate change management policy and set short-term (by 2020), indicated medium-term (by 2030 and 2040) and long-term (by 2050) climate change mitigation and adaptation goals and objectives.
For implementation of climate change management policy, it is important to highlight that growth of CO2 emissions is largely influenced by anthropogenic factors, especially by production activities that require fossil fuels (Parikh et al. 2009; EEA 2010) . Therefore, the environmental performance of industries is an issue of increasing concern for both policymakers and researchers in the field of environmental economics (Camarero et al. 2008; Zavadskas, Turskis 2011) . The production perspective takes into account the responsibility of countries-producers considering direct emissions in a particular country due to domestic production processes that generate pressures and impacts within that country (Peters 2008; Wood 2009; Marin et al. 2012) . Thus in the Lithuanian national strategy for climate change management policy (2012) proposals related to shared efforts to meet greenhouse gas reduction commitment in sectors covered and not covered in the EU emissions trading system (such as transport, agriculture and industry) are also included. Therefore, to achieve the commitment of the CO2 equivalent management policy it is important to explore changes in GHG emissions from the production-based perspective (Li, Lin 2013) .
CO2 emissions are released mostly due to the growth of production level which determines the increase in consumption and economic growth (Kerkhof et al. 2009; Jobert et al. 2010; Girod, Haan 2010; Finel, Tapio 2012) . Hence it is essential that negative environmental impact coming with economic growth would increase more slowly (relative decoupling) or slow down (absolute decoupling). The achievement of the decoupling process is revealed by the elasticity coefficient which is considered as a ratio of the percentage change in GHG emissions to the percentage change in GDP (Vehmas et al. 2003 (Vehmas et al. , 2007 Kerkhof et al. 2009; Jobert et al. 2010; Girod, Haan 2010; Finel, Tapio 2012) .
Thus, when pursuing economic growth, greenhouse gas emissions in total should increase at slower rate or decrease. The most important tools for emission reduction are production structure changes: faster economic growth in less polluting (services) sectors than in more polluting sectors (Parikh et al. 2009; Wood 2009; Butnar, Liop 2011; Brizga et al. 2014) as well as advanced technologies and innovations (Kim, K., Kim, Y. 2012; Hammond, Norman 2012; Zhang et al. 2012; Alves, Moutinho 2013; Wang et al. 2013; Dai et al. 2013; Baležentis et al. 2013; Voigt et al. 2014) .
Technological contributions are determined by foreign direct investment, imports of machinery and equipment as well as human capital (Arazmuradov et al. 2013) . However, innovations themselves may generate environmental pressure as they may increase resource consumption and environmental pollution. This is shown by the rebound effect, in which responses tend to offset the beneficial effects of the new technology (Freire-Gonzalez 2011; Turner, Hanley 2011). Notwithstanding, more technical efficiency in the production process, which refers to ability to maximize outputs from a given inputs or to minimize input utilization of given outputs (Arazmuradov et al. 2013) , is a goal in the pursuit of the long-term aims (Voigt et al. 2014) of GHG emission reduction policy. Moreover, it is very important to increase energy efficiency and to promote generation of electricity without using fossil fuels.
Considering that the EU is the third largest CO2 emitter in the world, CO2 emission research has gained a lot of attention. P. Fernández González et al. (2014) applied decomposition analysis and evaluated that in the period 2001-2008 in the EU-27 countries a small drop in CO2 emissions was observed. However, Lithuania was one of the EU countries where CO2 emission increased. Notwithstanding, there are few studies in GHG emissions that take production-based perspective. Thus the aims of this analysis are the following: to evaluate changes in air pollution from the production-based perspective in Lithuania and in the EU-27 member states during 2000-2012, to assess economic impact of changes in CO2 equivalent emissions, to evaluate technological contributions to changes in GHG emissions in separate economic activities and to review existing climate change mitigation policy in Lithuania and the EU.
Thus, the rest of the paper proceeds as follows. Section 1 presents methods used in the assessment of air emissions accounts, economic impact on greenhouse gas emissions and evaluation of technological contributions to changes in GHG emissions in Lithuania as well as the EU-27 member states. Section 2 discusses results of changes in GHG emissions, effects on the economy regarding these changes and technological contributions, and a review of GHG emission management policy. Finally, the last Section closes the paper with the main conclusions.
Methods and data
In order to evaluate changes in GHG emissions caused by production-based activities, air emissions accounts data of 14 economic activities groups (Appendix A) there were used.
Environmental economic accounts provide an integrated framework for data, indicators and analysis. The first European regulation of environmental accounts was adopted in 2011 (Regulation (EU) No 691/2011).
Method for compilation of air emission accounts
For compilation of air emissions accounts, the "inventory-first-approach" was used. This approach contributes to the implementation of Community statistical programmes and the EU legislation related to development of statistical areas. The "inventory-first-approach" starts from inventories of existing national emission data and re-arranges these data to a format compatible with national accounts. GHG emission inventories (based upon a process-oriented classification) have been compiled following the 1996 IPCC Guidelines for National Greenhouse Gas Inventories. Hence when compiling air emissions accounts, the following two main adjustments for the "inventory-first-approach" to the emissions inventory data were applied: -The emissions caused by resident economic units were estimated starting with the emissions caused by all emission sources (economic and non-economic) in certain geographic territory. -The inventory data following a process-oriented classification were assigned to economic activities (e.g. NACE rev.1). There is no standard connection between processes and air emission accounts' activities. In order to shift from the process-based SNAP classification to the activity-based NACE rev.1 classification, an analysis of quantitative links between each SNAP process and NACE rev.1 activities, i.e. identification of NACE rev.1 activities in which a SNAP process takes place, was performed.
Furthermore, the following criteria were used to analyze differences between environmental data and air emissions accounts:
-emissions from each SNAP process are always attributed to NACE rev.1 activities that directly produce them (general rule); -emissions from secondary and ancillary activities were allocated on the basis of criteria used for construction of economic accounts (i.e. industries); -emissions from each SNAP process were attributed to NACE rev.1 depending on how the emissions were actually produced. According to de Leeuw (2002) , GHG emissions (CO2 equivalent) were aggregated referring to carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) emissions.
Economic determinants to changes of greenhouse gases emissions
In order to evaluate influence of economic changes to GHG emissions, elasticity coefficient there was applied. In this instance, the elasticity coefficient is defined as ratio of percentage change in CO2 equivalent emissions of separate economic activity to percentage change in gross value added (VA). The elasticity coefficient was calculated using a regression model. The coefficient b from this regression model could be directly read as the elasticity coefficient (Vehmas et al. 2003 (Vehmas et al. , 2007 Kerkhof et al. 2009; Jobert et al. 2010; Girod, Haan 2010; Finel, Tapio 2012) . Thus, the equation is specified as follows:
in which CO2i is the amount of air emissions from i economic activity in tonnes, VAivalue added of i economic activity in constant prices. Firstly, elasticity coefficient shows how many changes in CO2 emissions occurred when economy grows by 1%. Moreover, elasticity value reveals what process of decoupling occurred during the period of 2000-2012. In the Figure 1 decoupling values are depicted. With economic growth, a negative coefficient of elasticity means that GHG emissions decrease and that the absolute decoupling process proceeds. When the coefficient is 0 < b < 1, it shows that air pollution increases at a slower rate than VA, and it reveals the occurrence of relative decoupling. When it is b > 1, it shows that negative decoupling happens, meaning that air pollution increases more than VA and from an environmental perspective it is viewed very negatively.
With economic shrinkage, an elasticity coefficient of b > 1 shows that emissions decrease more than VA and it reveals the occurrence of recessive decoupling. When 0 < b < 1, it conveys that recessive decoupling process is negative, i.e. VA decreased more than CO2 emissions. Finally, negative elasticity coefficient reveals that strong negative decoupling occurs and it means that though economic reduction occurred, the pollution increased. From the environmental perspective this process would be unacceptable. 
Technology contribution to changes in GHG emissions
The last part of this study is devoted to analysis of technological contribution to changes in GHG emissions. Definition of technology in this article includes not only technological progress, but also other instruments, such as renewable energy consumption, expansion of eco-labeled agriculture and other tools related to GHG emission intensity reduction. Firstly, in order to evaluate technological contribution, the emission intensity coefficient is used and equation is specified as follows:
For further evaluation of technological contribution to changes in GHG emissions, two scenarios there were compared. In the first scenario the air emissions intensity coefficient is calculated for 2000. As this coefficient during the analyzed period is constant, it is assumed that CO2 equivalent emissions grew at the same rate as their economic activities. Therefore, the air emissions intensity coefficient in the year 2000 is multiplied by account of VA in the year 2012.This value revealed changes in GHG emissions in scenario where technological development did not occur and the level of emission intensity was uniform as in 2000.
The second scenario is based on the real growth of air emissions from economic activities. It conveys real changes in emissions and the emission intensity coefficient. The difference between these two scenarios in 2012 reveals technological contribution to changes in GHG emissions of distinct economic activities.
Results

Changes in CO2 equivalent emissions in Lithuania and the EU-27 member states
According to data of the Eurostat database, we evaluated that GHG emissions from production based perspective amount to about 83% of total CO2 equivalent emissions in the EU-27 members. Meanwhile, in Lithuania this amount is about 95%. These results show that examination of CO2 equivalent emissions is very important. Evaluation of alterations in these emissions and the determinants of changes in them contribute to propositions not only regarding production-based level but also air emissions of the countries in total.
Analysis of CO2 equivalent emissions of total economic activities ( Fig. 2) shows that the amount of emissions per capita in Lithuania is smaller than in the EU-27. The reason could be that the level of production in Lithuania is lower than in the EU-27. Besides, there are differences in the scope of export, import and consumption. Thus according to data of the Eurostat database, in Lithuania export of goods and services in 2000 amounted to 44% of total GDP, while in the EU-27 it was 33%. However, taking into account the share of import in terms of general GDP, in Lithuania it was 46%, whereas in the EU-27 it was 32%. So, the results reveal that Lithuania consumed more imported goods and services than the EU-27. Therefore, in Lithuania the share of import is larger than of export. Thus, production level in Lithuania is lower than in the EU-27 in general.
Notwithstanding, during the prosperous economic period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) CO2 equivalent emissions from the production-based perspective in Lithuania increased faster than in the EU-27 members. In Lithuania during 2000-2007 greenhouse gas emissions increased by 40%. Meanwhile in the EU-27 member states GHG emission barely changed (Fig. 2 ). These alterations revealed fast Lithuanian catch-up process with the EU-27 average. Therefore, Lithuania approached from 60% to 85% the EU-27 average between 2000 and 2007 ( Fig. 3) . However, it needs to be taken into consideration that GDP in Lithuania during prosperous economic period grew by 72%, while in the EU-27 -by 17%. Additionally, taking into account CO2 equivalent emissions intensity, in Lithuania its decrease was more significant (by 18%) than in the EU-27 (by 15%). Therefore, Lithuanian catch-up process with regard to GHG emissions can be evaluated rather positively from sustainable development perspectives.
During economic crisis situation in Lithuania and in the EU-27 regarding GHG pollution changed. In 2008-2009 CO2emission in Lithuania decreased more significantly (by 17%) than in the EU-27 members (by 9%) (Fig. 2) . Taking into account that GHG emission intensity from production decreased at the same rate both in Lithuania and in all the EU member states -by 5%, in Lithuania the shrinkage of CO2 emissions pertains mostly to a larger decline in production (it decreased by 15%) in comparison with the EU-27 average (production decreased by 5%). Hence economic crisis, due to reduction of export and foreign investment, affected Lithuanian production more considerably (Criste et al. 2011; Aslund 2011 ) than the one of EU-27 member states in general. EU 27 = 100% -Furthermore, during economic recovery growth in GHG emissions was observed again in Lithuania. Since 2009 to 2012 CO2 equivalent emissions increased by 22%. Meanwhile, in the EU-27 the emissions decreased by 2% (Fig. 2) . Thus, Lithuania in 2012 reached almost 97% of the EU-27 level (Fig. 3) . This fact is negatively emphasized as GHG emission intensity in Lithuania grew by 10%, while in the EU-27 countries it decreased (by 6%). Therefore, coming further into the period of economic growth, Lithuania should attempt to stabilize GHG emissions so that they would not increase or, even better, would decrease.
Separate economic activities need to be analyzed before undertaking an exercise in future projection from a production perspective. Thus changes in CO2 equivalent emissions from separate economic activities were different in Lithuania, the EU-27 and among separate the EU-27 countries as well. In Lithuania during analyzed period (2000-2012) the reduction of CO2 emissions was observed in mining and quarrying, construction, electricity, gas, steam, air conditioning supply and water supply, and wholesale and retail trade. Nevertheless, in the EU-27 member states the reduction of CO2 emissions was observed for all economic activities with exception of post and telecommunications, financial and insurance activities, other service activities and transportation and storage. Emissions from the latter economic activities in Lithuania increased almost five times in comparison with the EU-27 members (Table 1) .
Hence CO2 emissions of mining and quarrying, electricity, gas, steam, air conditioning supply and water supply, construction, and wholesale and retail trade in Lithuania decreased more considerably than in the EU-27 member states. However, CO2 emissions from residual economic activities in Lithuania increased more significantly or decreased at lower rate than in the EU-27 countries. Therefore, it is very important to analyze determinants that influence the latter changes. Additionally, differences in CO2 equivalent emissions from production-based perspective in Lithuania and the EU-27 member states are associated with distinction in economic growth and technological development. These determinants are analyzed in the next sections.
Economic impact on CO2 emission changes from production-based perspective
GHG emissions from production-based perspective occur mostly due to the growth of production level (Jobert et al. 2010; Girod, Haan 2010; Finel, Tapio 2012) . Nevertheless, with production (economic) growth it is very important that negative environmental impact should increase at a slower rate or slow down. These changes are defined as the decoupling process and are revealed by the elasticity coefficient (Vehmas et al. 2003 (Vehmas et al. , 2007 Kerkhof et al. 2009; Jobert et al. 2010; Girod, Haan 2010; Finel, Tapio 2012) .
Analysis of total economic activities showed a significantly lower than 1 but positive elasticity coefficient was observed only in Lithuania. It reveals that relative decoupling occurred. Thereby during the period of 2000-2012, with economic growth being 1%, CO2 emissions in Lithuania grew by 0.35%. In other words, Lithuanian economy grew three times faster than emissions of CO2. Meanwhile, the elasticity coefficient of all industries in the EU-27 member states was negative. It shows that with economic growth the emissions of GHG decreased, even though this relationship was insignificant (Table 2) . Thus Lithuania should make additional efforts in order to pursue reduction of GHG emission.
According to separate economic activities, in Lithuania and the EU-27 countries negative elasticity coefficient was estimated for electricity, gas and water supply and other services, which implies absolute decoupling, i.e. with the growth of gross value added, emissions of CO2 from these activities decreased, even though this relationship was insignificant (Table 2) . From environmental perspectives it is certainly viewed very positively. This positive change in electricity sector was caused by increased share of renewable energy in electricity supply. According to Eurostat database, in Lithuania it grew from 3.5% to 10.9% between 2004 and 2012. Meanwhile, in the EU-27 it grew from 15.2% to 23.1%. Thus the share of renewable resources in the EU-27 countries in 2012 was 2.1 times bigger than in Lithuania. Therefore, Lithuania is rather behind with the share of renewable energy in electricity supply, even though much has been done to achieve the EU level.
Furthermore, in the EU-27 member states a negative and significant elasticity coefficient, which reveals absolute decoupling, was observed for agriculture, forestry and fishing, real estate activities, public administration, defenceand education. Meanwhile, in Lithuania significant, positive and higher than 1 elasticity coefficient was estimated for public administration, defence and education. In addition, significant and higher than 1 elasticity coefficient was observed for human health and social work activities as well as financial and insurance activities. Thus it reveals that for these activities a negative decoupling process occurred in Lithuania (Table 2) . Hence services sectors in Lithuania were not efficient enough and increased more than VA. However, these changes have to be evaluated very cautiously, because there could be related to errors in the air emissions account. Notwithstanding, service sector is characterized by small degree of openness toward external markets (Butnar, Liop 2011) . So, in Lithuania it is very important to improve management of services in order to make them more efficient. As for agriculture, forestry and fishing activities, in Lithuania the growth of VA from agriculture also had positive though insignificant effect (Table 2) . Thus Lithuania in terms of agriculture should pursue absolute decoupling of CO2 emissions which occurred in the EU-27 countries generally. Therefore, in Lithuania the European Common Agriculture Policy (CAP) should be strictly implemented by encouraging agricultural intensification, including sustainable use of chemical inputs, increasing field size and higher stocking densities (Erisman et al. 2008) . The transition of the CAP towards the decoupling and linkage of single farm payments in compliance with environmental legislation as well as expansion of organic farming area are important drivers for environmental impact reduction regarding agriculture in Lithuania.
Taking analysis further, in Lithuania positive, lower than 1 but significant elasticity coefficient was observed for wholesale and commission trade, real estate, post and telecommunications, construction, and transport and storage economic activities. Insignificant elasticity coefficient was observed for manufacturing. These results show that during the period of 2000-2012 relative decoupling occurred for these economic activities in Lithuania, when VA grew faster than CO2 emission. However, in the EU-27 member states significant relative decoupling was observed only for construction, financial and insurance activities, and post and telecommunications. And elasticity coefficient for wholesale and commission trade, human health and social work activities and manufacturing in the EU-27 was negative, but insignificant.
Considering the transport sector in Lithuania, GHG emissions increased at slower rate with the boost of VA. Meanwhile, in the EU-27 CO2 emissions from this sector increased more than VA. Thus negative decoupling occurred, which is viewed very negatively. This was caused by the fact that according to the Eurostat database during 2004-2012 in Lithu-ania the share of renewable energy in transport sector increased three times in comparison with the EU-27 average. Moreover, according to composition of inland freight transport, in the EU-27 the share of road freight transport in 2010 was 76%, while in Lithuania it was 59%. Meanwhile, the share of less polluting and more environmentally friendly railway transport in Lithuania was 41%, whereas in the EU-27 it was only 17%.
Furthermore, in the EU-27 a significantly positive elasticity coefficient was observed for mining and quarrying economic activity. It was higher than 1 in Lithuania, (Table 2 ). In addition, this coefficient in Lithuania reveals recessive decoupling when CO2 emissions from the latter activity decreased more than VA and from the perspective of sustainable development this is viewed very positively.
Achieving that in Lithuania and all the EU members CO2 emissions would increase more slowly than economic growth is very important. One way to achieve reduction of GHG emissions, according to I. Butnar and M. Liop (2011) , is by fostering economic growth in less polluting economic activities, such as services. However, S. Voigt et al. (2014) declared that changes in the structure of production contribute to changes in emissions only from a short-term perspective, as it depends on economic fluctuations. Therefore, when pursuing long-term aims the most important issue is to promote technological improvements. In the following section technological and other instruments intended for implementation of cleaner production and contribution to changes in GHG emissions will be analyzed.
Technological contributions to changes in CO2 equivalent emissions from the production-based perspective
Economies with more advanced technology exhibit more productive efficiency. Thus economy is always pursuing for a high-efficiency state, which leads to an increase in the number of leading industries regarding technological progress and innovative growth. In this study technological contributions to changes in CO2 equivalent emissions from the productionbased perspective were examined. Thus Figure 4 shows that in Lithuania the contribution of technology, which is related to the reduction of GHG emissions intensity, is not positive in all occasions. For financial and insurance activities, education, post and telecommunications, and other service activities CO2 emissions in 2012 were larger with real pollution changes in comparison with the assumed scenario (Fig. 4) . These results reveal that the emission intensity coefficient in 2012 of the latter activities was more considerable than in 2000. Therefore, service management system in Lithuania needs to be improved so that it would result in higher efficiency according to its environmental impact.
Taking analysis further, in Lithuania the smallest technology contribution was observed for human health activities and agriculture, forestry and fishing (Fig. 4) . It shows that GHG emissions from these activities increased at the same rate as value added. Therefore, modernization of Lithuanian agricultural sector is one of the most important matters in seeking the aims of GHG emissions management policy.
The majority of technological contribution in Lithuania was observed for construction, wholesale and retail trade, mining and quarrying and manufacturing sectors. In 2012 (in comparison to 2000) technological improvements and other innovations contributed to CO2 emission reduction approximately by 40-53% in the above mentioned sectors. It is positively very positive change. T. Baležentis et al. (2013) also revealed that in Lithuania manufacturing activities, particularly pharmaceutical ones, wood, food and furniture production exhibited the best performance according to the efficiency. Indeed, these sectors received substantial foreign investment and thus modernized their production technologies.
In Lithuania in 2012, in comparison with 2000, technologies contributed to reduction of CO2 emissions from all economic activities by 30% (Fig. 4) . However, it did not offset the GDP growth and in Lithuania there was observed the GHG emission growth during the analysed period. Meanwhile, in the EU-27 member states the contribution of technology at 24% was negligibly lower (Fig. 5) . However, in the EU-27 GHG emissions decreased. 
EU-27
Other service activities Human health and social work Education Public administration and defence; compulsory social security Real estate
Financial and insurance Post and telecommunications
Wholesale and retail trade Electricity, gas, steam and air Manufacturing Mining and quarrying Agriculture, forestry and fishing
Total ll NACE activities -a
In the EU-27 member states one of the largest contributions of technology was observed in manufacturing sector (31%), however, this percentage in Lithuania was higher. In addition, the EU-27 member states differ from Lithuania in the case of services. The technological contribution to education, financial and insurance, public administration and defence, real estate activities, human health and social work activities as well as post and telecommunication and other service activities was observed as rather significant in the EU-27, although it was negative or very low in Lithuania (Figs 4, 5) .
However, the most problematic sectors in the EU-27 member states in general are mining and quarrying, construction, and transport and storage. In terms of mining and quarrying, and construction economic activities, the pollution decreased less than VA. Additionally, taking in to account transport and storage sector, with economic growth CO2 emission intensity in 2012 was higher than in 2000. Therefore, generally in all the EU-27 member states the main issue is to promote a more efficient transport and storage sector that would reduce CO2 emission intensity.
GHG emissions management policy
The success of a common climate policy in the long run could contribute to a downward trend regarding the level of the carbonization index in Europe (Padilla, Duro 2013) . The main document at the EU level is the EU Energy and Climate Package, which was adopted for transforming Europe gradually into a low carbon economy in 2008 by the European Parliament (Streimikiene 2012) . Agreement has been reached to attain legally binding targets by 2020.
As for requirements of the Climate Change and Energy Package, climate change mitigation goals will be sought in two directions: the EU emissions trading system (ETS) sectors and non-ETS sectors. The EU ETS requirements are applied to combustion plants of more than 20 MW (in boilers and power plants, cement and lime, crude oil processing, ceramics, glass, wood and paper, bricks and tiles and rock wool production plants). Since 2012 the EU ETS includes aviation and chemical production plants. The non-ETS sectors include transport, agricultural, waste management or industrial installations engaged in other types of activities or combustion plants with installed boiler power of less than 20 MW (small district heating installations), public sector buildings, households, agriculture, transport, fishing, construction, services and other sectors.
Lithuanian government approved a national strategy for climate change management policy (2012). In this strategy EU ETS and non-ETS sectors are included as well. A special climate change mitigation goal in EU ETS sectors is to achieve that the GHG emissions in EU ETS sectors in 2020 would not exceed 8.53 million tons of CO2. This should ensure the implementation of the goals regarding the use of renewable energy sources (RES) and increase energy efficiency. Meanwhile, special climate change mitigation targets in non-ETS sectors are foreseen since 2013 to 2020 with a 30% target that GHG emissions from transport, agriculture and industry will be stabilized. Also, in 2020 in comparison with 2013 emissions should slightly decrease.
Thereby, in the agriculture sector it is very important to support the implementation of measures for the cost-effective decrease of methane and nitrogen compounds emis-sions from manure management systems. At the EU level the GHG emissions management policy for agriculture is described in the communication "The CAP towards 2020: meeting the food, natural resources and territorial challenges of the future" (COM (2010) 672 final (EC 2010b) ). This communication describes major policy options and sets strategic goals such as support for farming communities, which provide European citizens with a valuable variety of good quality foodstuffs produced in a sustainable manner, taking into consideration our aspirations related to requirements for the environment. Also, in this strategy it is highlighted that it is important to further unlock the agricultural sector's potential to mitigate GHG emission via improvements in energy efficiency, biomass and renewable energy production while keeping the structure of the CAP rural development where member states draw up and co-finance multiannual programmes under a common framework.
In Lithuania the main strategic document for agriculture sector is the Lithuanian Rural Development Strategy 2007-2013. In this strategy, while considering GHG emissions, the promotion of organic farming targeted at the production of organic products and a fforestation of degraded land there was included. In the Rural Development Strategy 2014-2020 one of the long-term aims is also to safeguard sustainable resource management and climate policy actions. Considering that the GHG emissions from agriculture in Lithuania in the period of 2000-2011 increased, therefore, pursuing the aims of the climate change management policy (2012) for emissions from agriculture to be stabilized and decreased, Lithuania should make additional efforts to reach these targets.
In addition, energy and industry sectors are very important for implementing eco-innovative measures, increasing energy efficiency and using renewable resources (Jobert et al. 2010; Girod, Haan 2010; Kuramochi et al. 2012; Butnar, Liop 2011; Fernández González et al. 2014; Streimikiene, Baležentis 2013; Streimikiene et al. 2012; Streimikiene 2012) . At the EU level the main document describing this policy is Directive 2009/28/EC on the promotion of the use of energy from renewable sources. The requirements of this Directive are to achieve the share of RES in final energy consumption of no less than 23%, and in the transport sector -10% by 2020. These targets in Lithuania have been incorporated into the National Energy Independence Strategy (2012), National Strategy for the Development of Renewable Energy Sources (2010) and the Republic of Lithuania Law on Energy from Renewable Sources (2011).
However, C. Klessman et al. (2011) stated that many the EU members have a very low policy effectiveness and deployment status for almost all renewable energy sources. I. Roos et al. (2012) also revealed that in Lithuania there are insufficient amount of incentives to promote the use of renewable energy since the Lithuanian Government has committed to build a new nuclear power plant. Therefore, it is very important to make additional policy efforts to implement these targets regarding the share of renewable energy in gross final energy (Klessman et al. 2011; Kitzing et al. 2012) .
Furthermore, Directive 2006/32/EC on energy end-use efficiency and energy services aims at promoting a cost-effective increase in energy end-use efficiency in the EU-27. This is being realised by setting necessary target indicators, mechanisms and incentive measures, and by enabling the development and promotion of energy services market as well as provision of other measures for increasing energy efficiency to end users. This Directive provided the basis for the Energy Efficiency Action Plan in Lithuania (Energy Efficiency Action… 2007). However, A. Baležentis et al. (2011) found that in Lithuania during the period of 1995-2009 the most problematic sectors were transport and services. Moreover, it is also very important to decrease energy intensity in industry and construction sectors (Baležentis et al. 2011) .
In "Energy 2020 − A Strategy for competitive, sustainable and secure energy" (COM(2010) 639 final (EC 2010a)) the implementation of ensuring energy saving and eco-design requirements for energy-intensive products is also foreseen. However, as environmental management systems, eco-design and eco-labelling are voluntary environmental policy tools, these practices are still not being considered by industry and other stakeholders as primary options in Lithuania (Staniškis et al. 2008) . Therefore, voluntary agreements with more energy intensive enterprises and industries as well as new policies and measures, such as white certificates or energy intensity standards, need to be implemented in Lithuania.
In the transport sector it is important to implement measures which enhance energy efficiency and increase the number of journeys made by bicycle, public road transport and public rail transport. An increase in alternative energy sources and greener fuels should also be included in the energy mix. Therefore, the EU level Regulation ( In Lithuania for transport sector a long-term (until 2025) Strategy for the Development of the Lithuanian Transport System has been approved (2005) . These measures contribute to the GHG emission reduction goals and are focused on the renewal of transport fleets, the improvement of the road infrastructure (paving of gravel roads, and introduction of walking and cycling routes), the use of greener fuel (by increasing the share of RES in the fuel mix in the transport sector) and the promotion of the use of less polluting vehicles.
The Strategy aims to achieve that indigenous biological resources would account for 15% of transport fuel requirements. However, our results revealed that during the period 2000-2011 GHG emissions increased in transport sector the most. Moreover, A. Baležentis et al. (2011) declared that Lithuania obviously lacks effective policies in transport sector and financial instruments to support the use of hybrid and electric vehicles. Finally, improvement of road infrastructure and public transport modernization are necessary in Lithuania.
Conclusions
Greenhouse gases emission from production-based perspective amounts to about 83% of total CO2 equivalent emission in the EU-27 members, while in Lithuania it amounts to 95%. Lithuania approached the EU-27 members' average of CO2 equivalent emissions due to the fast economic growth during the period of economic prosperity and successful economic recovery. However, according to elasticity coefficient in Lithuania during the period analyzed the economy grew three times faster than emissions of CO2. Meanwhile, in the EU-27 member states with economic growth emissions of GHG decreased, though insignificantly. Thus, considering that generally in the EU-27 countries the absolute decoupling process there was observed, Lithuania should make additional efforts in order to pursue reduction of GHG emissions.
Lithuania in comparison with the EU-27 performed better regarding mining and quarrying, electricity, gas, steam, air conditioning supply, water supply, construction and wholesale and retail trade activities, as CO2 emissions of these economic activities decreased more than in the EU-27 member states. However, CO2 emissions from residual economic activities in Lithuania increased more or decreased at the lower rate than in the EU-27 countries.
Regarding coefficient of elasticity, absolute decoupling, though insignificant, was observed for electricity, gas, steam, air conditioning supply and water supply, and other service activities in Lithuania. Generally, in the EU-27 from the perspective of sustainable development positive progress (absolute decoupling) was evaluated for agriculture, forestry and fishing, public administration, defence economic activities, real estate activities, and education. Meanwhile, in Lithuania for these activities a relative or negative decoupling occurred. Therefore, in Lithuania the European Common Agriculture Policy should be implemented more widely and service management should be improved as well. In the EU-27 member states CO2 equivalent emissions grew faster than VA for the transport and storage sector, so consequently the main issue for all the EU-27 member states generally is to promote higher efficiency in this sector.
In regard to the study of technological contribution to changes in CO2 equivalent emissions, the most problematic economic activities in Lithuania are: financial and insurance activities, education, post and telecommunications, other service activities. Thus for these activities Lithuania should put more efforts to reduce emission intensity in order to improve the present situation. In the EU-27 members in general the most problematic sectors are transport and storage, construction, mining and quarrying sectors.
Thus, the successful implementation of climate policy in the long run could contribute to a downward trend regarding the level of GHG emissions. Therefore, it is very important that Lithuania and the EU successfully fulfill the commitments stated in the documents reviewed. However, particularly in Lithuania, there are insufficient amount of incentives to promote the use of renewable energy. Also, there is a lack of effective policies in environmental management systems. Furthermore, eco-design and eco-labelling tools are still not considered by industry and other stakeholders as primary options. Therefore, in Lithuania it is very important to promote the use of renewable energy, voluntary environmental policy tools in industry as well as increase energy efficiency. 
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